

































































































































































































































































































































































Figure1.HKD-PriceChanges,Jan-Dec19978 CORNELIS A. LOS, PH.D.












































































Figure 2. IDR - Price Changes, Jan-Dec 1997
























































































Figure 3. MYR - Price Changes, Jan-Dec 1997































Figure 4. PHP - Price Changes, Jan-Dec 1997EFFICIENCY TESTING OF ASIAN FX MARKETS 9


























































































Figure 5. SGD - Price Changes, Jan-Dec 1997































Figure 6. THB - Price Changes, Jan-Dec 1997











































Figure 7. TWD - Price Changes, Jan-Dec 199710 CORNELISA.LOS,PH.D.
















































































































￿Critical values for a confidence interval of 99% are 15.09, 16.82 and 18.48 for degrees of
freedom of 5, 6 and 7 respectively.













bytheCurrencyBoardandallowsforsmallfluctuations.12 CORNELIS A. LOS, PH.D.
e¢cient, as the price di¤erences lie very close to the 450 line. It appears that there
were frequent interventions in the market to maintain the IDR at the approximate
level of 2400 to each USD before July 1997. The PHP also appears to be fairly
e¢cient in this period too, despite its relatively much thinner trading volume. The
price di¤erences for the THB lie close to the 450 line, but it is evident that some
market interventions did occur. The benchmark currencies, the DEM and the JPY,
were very e¢cient too, although the DEM shows an outlier in the 100th percentile
point.




































Figure 10. HKD - Price Changes, Jan-Jun 1997
































Figure 11. HKD - Price Changes, Jul-Dec 1997
































Figure 12. IDR - Price Changes, Jan-Jun 1997


































Figure 13. IDR - Price Changes, Jul-Dec 1997
































Figure 14. MYR - Price Changes, Jan-Jun 1997
































Figure 15. MYR - Price Changes, Jul-Dec 1997EFFICIENCY TESTING OF ASIAN FX MARKETS 13
































Figure 16. PHP Price Changes, Jan-Jun 1997
































Figure 17. PHP Price Changes, Jul-Dec 1997


































Figure 18. SGD - Price Changes, Jan-Jun 1997
































Figure 19. SGD - Price Changes, Jul-Dec 1997






































Figure 20. THB - Price Changes, Jan-Jun 1997
































Figure 21. THB - Price Changes, Jul-Dec 1997
































Figure 22. TWD - Price Changes, Jan-Jun 1997


































Figure 23. TWD - Price Changes, Jul-Dec 199714 CORNELIS A. LOS, PH.D.




































Figure 24. DEM - Price Changes, Jan-Jun 1997


































Figure 25. DEM - Price Changes, Jul-Dec 1997



































Figure 26. JPY - Price Changes, Jan-Jun 1997



































Figure 27. JPY - Price Changes, Jul-Dec 1997
2.2.2. July Through December 1997. The second half of 1997 shows some interesting
changes in FX trading behavior and it clearly separates the sheep from the goats,
i.e., the markets which remained predictably stationary and which became non-
stationary and possibly chaotic, as is shown in the odd-numbered Figures 11-27.
The HKD shows it to be perfectly e¢cient, as the price di¤erences lie exactly on
the 450 line. Most of the price changes fell within a bandwidth of -0.020 to 0.020,
compared to the January through June period, where they mostly fell within the
range of -0.002 to 0.002. This means that there was perhaps a bit greater volatility
in the second half of 1997, even though the overall stationarity was not signi…cantly
a¤ected.
The insert chart for the IDR shows that the price di¤erences lie somewhat be-
tween the 450 line and the y-axis, though it is still comparatively closer to the
450 line, as we shall see when we discussed the MYR. There is a bit more market
intervention here, notably by the Bank of Japan and the Monetary Authority of
Singapore, both of which tried to limit the slide of the IDR in the second half of
1997. The magnitude of price changes increased dramatically. Whereas most of
the price di¤erences fell within the -5.0 to 5.0 range in the January to June 1997
period, the price di¤erences increased 120 times to fall within a -600 to 600 range
in the later half of 1997. Price changes were much more volatile. Based on the
visual analysis, one is tempted to conclude that the IDR was not even stationary,
and thus unpredictably ine¢cient, within the second half of 1997.
The MYR price di¤erences appear to lie exactly between the 450 line and the
y-axis. This suggests that it was not e¢cient, since the underlying trading rules
were not stationary. This could be due to the fact that the frequent protectionist










































byMalaysia’spoliticalleaders.16 CORNELIS A. LOS, PH.D.
Currency Jan – Jun Jul – Dec
c c
2 Value Degree of Freedom c c
2 Value Degree
 of Freedom
HKD 1.006 6 3.057 6
IDR 1.575 7 17.805 7
MYR 0.087 6 19.167 7
PHP 2.483 6 2.013 6
SGD 0.784 4 5.313 6
THB 11.059 7 0.441 7
TWD 0.701 5 16.602 7
DEM 0.154 6 0.300 6
JPY 0.143 6 0.213 6
￿Critical values for a confidence interval of 99% are 13.277, 15.086, 16.812 and 18.475 for
degrees of freedom of 4, 5, 6 and 7 respectively.
`The shaded boxes return insignificant c
2 results.
TABLE 3. Chi-Square Stationarity Tests - Half-Year Di¤erential Spectra
3. INDEPENDENCE TESTS
The independence tests attempt to determine if the price changes "j;t+1 are inde-
pendent of one another. If these price changes are found to be (serially) dependent,
we could, based on the current FX rates, predict what the near future FX rates
will be. Thus technical analysis would be possible to formulate pro…table trading
rules, even when dealing with minute-by-minute data. When the price changes
are independent, such trading rules would not produce supra-normal pro…ts and
the markets would be deemed e¢cient pricing mechanisms. Because this is such
a crucial issue for the determination of the e¢ciency of the FX market, a battery
of tests are employed, since no scienti…c test is infallible. We look at the di¤eren-
tial spectra, the relative price changes, compute category price change transition
(CPTC) arrays and conduct a Markov analysis of these CPTC arrays.
3.1. Di¤erential Spectra. Following again the example of [[13], pp. 86 - 91], the
following recipe to form di¤erential spectra is used to test for independence :
Step1. The price change "j;t+1 are allocated to pre-speci…ed bins.13
Step 2. The positive price change bins are paired with the negative price change
bins to ensure a symmetric matching of bins.








the positive price changes are used as observed values and the negative price changes
as the expected values. Here n is the number of bins in the histogram/2. The critical
13Although the choice of the bin width is arbitrary, there is a trade-o¤ between the sensitivity
and the computational e¤ort to conduct the test. The narrrower the bin width, the higher the
sensitivity and the higher the computational e¤ort. Of course, the bin width should never be















HKD 100 99 135.8 117.378
IDR 100 99 135.8 217.493
MYR 100 99 135.8 278.071
PHP 100 99 135.8 150.967
SGD 100 99 135.8 129.562
THB 100 99 135.8 156.105
TWD 100 99 135.8 227.380
DEM 100 99 135.8 81.144
JPY 100 99 135.8 1002.450


















HKD 23 99 41.6 72.074
IDR 100 99 135.8 125.078
MYR 50 99 76.2 74.929
PHP 32 99 53.5 168.318
SGD 30 99 50.9 38.000
THB 100 99 135.8 189.017
TWD 47 99 72.4 32.442
DEM 63 99 92.0 71.334
JPY 75 99 106.4 676.892














HKD 100 99 135.8 96.408
IDR 100 99 135.8 212.554
MYR 100 99 135.8 313.320
PHP 100 99 135.8 130.782
SGD 100 99 135.8 119.464
THB 100 99 135.8 157.476
TWD 100 99 135.8 251.063
DEM 62 99 90.8 120.878
JPY 67 99 96.8 492.842
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as in the following corresponding theoretical probability Table 7:14
TABLE 7. Theoretical Probabilities of Digrams
Digram Probability
11 or 22 1/3
12 or 21 1/6
Step 4. If the obtained Chi-square value is statistically signi…cant, we proceed to
generate the 2£2£2 trigram transition array. Otherwise we stop. For the trigram
array, the trigram is ”ijk”, where ”i”, ”j”, or ”k” are either ”1”s or ”2”s.
Step 5. Again the series of all possible trigrams will be counted and the results are
the observed frequencies for the familiar Chi-square test. The expected frequencies
are based on the following corresponding theoretical probability Table 8. These
probabilities are multiplied by the total number of trigrams in the data to obtain
the expected frequency for each trigram.
TABLE 8. Theoretical Probabilities of Trigrams
Trigram Probability
111 or 222 1/24
221, 211, 122, or 112 1/8
121 or 212 5/24
Step 6. If the Chi-square test results for the trigrams are signi…cant, we proceed
to the 2 £ 2 £ 2 £ 2 tetragram array. Otherwise we stop. The tetragram is ”ijkl”,
where ”i”, ”j”, ”k”, or ”l” are either ”1”s or ”2”s.
Step 7. Again the series of all possible tetragrams will be counted to obtain the
observed frequencies for the familiar Chi-square test. The expected frequencies are
based on the following corresponding theoretical probability Table 9.
TABLE 9. Theoretical Probabilities of Tetragrams
Tetragram Probability
1111 or 2222 1/120
1112, 1222, 2111, or 2221 1/30
1121, 1211, 2122, or 2212 3/40
1122 or 2211 1/20
1212 or 2121 4/30
1221 or 2112 11/120
Step 8. In principle one can so proceed until the test results are all insigni…cant
and independence is ascertained. However, this paper stopped with the tetragrams,
when all the results remained statistically signi…cant and dependence was still sig-
ni…cant within the four-minute temporal window.15
3.2.1. Chi-square Test Results. The Chi-square test results in Table 10 show that
in 1997 the price changes of all nine currencies were not independent, with 99%
14The cells of this theoretical relative frequency or probability table sum up to unity.
15It requires special programming and considerable computer capacity to pursue this test









Degree Of Freedom 3 7 15
Confidence Level(%) 99 99 99
Critical Value 11.34 18.48 30.58
Chi-Square* Currency
Digram Trigram Tetragram
HKD 144.724 327.760 510.815
IDR 209.016 479.904 758.780
MYR 304.363 697.763 1088.616
PHP 103.310 238.021 376.364
SGD 161.166 376.133 595.264
THB 92.824 212.274 341.336
TWD 16.969 37.661 66.845
DEM 2440.665 5604.532 8701.776
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Digram Trigram Tetragram
Degree Of Freedom 3 7 15
Confidence Level(%) 99 99 99
Critical Value 11.34 18.48 30.58
Chi-Square* Currency
Digram Trigram Tetragram
HKD 96.992 219.792 347.053
IDR 68.900 159.497 257.233
MYR 165.257 377.552 591.792
PHP 8.221 - -
SGD 109.614 254.332 403.918
THB 40.345 92.613 155.091
TWD 2.697 - -
DEM 1077.127 2465.410 3826.991
JPY 894.508 2048.178 3208.595
     * Shaded boxes represent non-significant results i.e., independence.
TABLE 11. Independence Tests - Relative Price Changes - Jul-Dec 1997
However, Table 12 shows that in the second half of 1997 these two currencies also
lost their independence of price changes and that thus none of the Asian FX rates
showed serial independence. Thus pro…table trading strategies could have been
developed in the second half of 1997, most likely because of the general depreciation
of all currencies versus the US dollar (like ”a train rolling down hill”). By continuing
to purchase US dollars and to sell non-US currencies one could not avoid making a
supra-normal trading pro…t.
Digram Trigram Tetragram
Degree Of Freedom 3 7 15
Confidence Level(%) 99 99 99
Critical Value 11.34 18.48 30.58
Chi-Square* Currency
Digram Trigram Tetragram
HKD 72.973 167.094 262.005
IDR 141.461 326.960 514.464
MYR 132.470 306.637 479.923
PHP 108.375 249.526 395.546
SGD 63.051 146.060 231.320
THB 63.258 144.105 231.087
TWD 38.464 89.241 144.278
DEM 1385.009 3188.141 4959.522
JPY 1275.628 2920.197 4565.045
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Lag-5 Lag-10 Lag-15 Lag-20
Degree Of Freedom 3 3 3 3
Confidence Level(%) 99 99 99 99
Critical Value 11.34 11.34 11.34 11.34
Chi-Square* Currency
Lag-5 Lag-10 Lag15 Lag-20
HKD 2463.668 2058.113 2062.821 2135.321
IDR 2839.306 2866.258 3247.455 2832.306
MYR 6085.042 6219.063 5949.874 6167.510
PHP 1151.888 1085.292 1059.252 1247.528
SGD 6188.571 5864.202 6064.615 6292.940
THB 2293.228 2347.818 2326.606 2161.627
TWD 1680.707 1664.090 1531.088 1699.185
DEM 36197.96 32009.72 33628.80 32993.60
JPY 34526.31 29294.63 32230.91 31067.03
TABLE 13. Tests for Length of Temporal Windows - 1997
Lag-5 Lag-10 Lag-15 Lag-20
Degree Of Freedom 3 3 3 3
Confidence Level(%) 99 99 99 99
Critical Value 11.34 11.34 11.34 11.34
Chi-Square* Currency
Lag-5 Lag-10 Lag15 Lag-20
HKD 1278.342 1053.294 1101.235 1044.466
IDR 1297.532 1367.214 1453.154 1208.114
MYR 3313.468 3357.771 3193.361 3326.008
PHP 127.237 79.994 105.460 119.594
SGD 3114.608 2764.661 3145.683 3067.713
THB 1297.862 1220.451 1368.466 1119.693
TWD 775.856 773.009 761.324 733.242
DEM 18547.41 16784.77 17188.82 17005.34
JPY 16592.20 14851.95 15926.03 15110.09
TABLE 14. Tests for Length of temporal Windows - Jan-Jun 199724 CORNELIS A. LOS, PH.D.
Lag-5 Lag-10 Lag-15 Lag-20
Degree Of Freedom 3 3 3 3
Confidence Level(%) 99 99 99 99
Critical Value 11.34 11.34 11.34 11.34
Chi-Square* Currency
Lag-5 Lag-10 Lag15 Lag-20
HKD 1167.801 971.077 965.408 1047.902
IDR 1506.979 1609.044 1716.034 1651.041
MYR 2777.890 2904.570 2749.498 2755.634
PHP 1095.255 1027.179 964.166 1083.397
SGD 3189.139 3026.816 3111.420 3220.291
THB 1021.973 1118.702 1005.976 1046.076
TWD 969.485 889.909 764.218 890.654
DEM 17628.73 15202.13 16376.66 16181.20
JPY 17846.74 14296.32 16169.78 15932.29
TABLE 15. Tests for Length of Temporal Windows - Jul-Dec 1997
3.4. Category Price Change Transition Arrays. Using category price change
transition (CPCT) arrays, the underlying FX time series can be examined in greater
detail than with the relative price change transition arrays of Section 3.2. One
determines if relatively large or small price changes deviate from independence by
categorizing these time series according to a set of predetermined criteria. One can
have as many categories as one desires and the categories can be in any fashion,
as long as some non-varying rule for categorization is used. It is important to
emphasize that if a series categorized by one set of criteria is determined to be
independent, this does not imply that a categorization by di¤erent criteria also
leads to independence. Thus, in principle, there is an in…nite number of ways
of categorizing FX time series to test for independence. This issue raises deep
philosophical problems about the possible subjectivity of this approach, which we’ll
not discuss in this paper, considering the demonstration purpose of this paper.
The recipe to form category price change transition matrices to test for indepen-
dence is adapted from [[13], pp. 131 - 140]:
Step 1. The cumulative frequency distribution of the price changes "j;t+1 of
Section2. is divided into three parts: the lowest 10% of the series, the next 80%
and the highest 10%.
Step 2. Determine in which third each price change "j;t+1 belongs. If a price
change belongs to the ”ith” portion, we encode it with symbol ”i”=1,2, or 3, i.e.
”1” represents the lowest 10% portion, ”2” represents the 80% portion, and ”3” the
highest 10% portion of the cumulative frequency distribution of the FX series.
Step 3. The digram category price transition (CPT) matrix is generated by
specifying how often a ”1”, ”2” or ”3” is followed by ”1”, ”2” or ”3”. The frequency
of occurrence of a symbol ”i” is the number of price changes in the ”i” portion
Step 4. The theoretical probability of occurrence of each component in the
digram is computed and the result is multiplied with the total number of price




















Degree Of Freedom 8 26 80
Confidence Level(%) 99 99 99
Critical Value 20.09 45.64 112.33
Chi-Square* Currency
Digram Trigram Quadgram
HKD 2005.092 5197.620 11035.879
IDR 8833.400 30425.001 86728.179
MYR 13685.588 47072.459 125656.791
PHP 1810.354 5491.304 14431.692
SGD 5627.301 14869.107 31347.136
THB 4063.306 12487.213 30601.117
TWD 2606.145 8799.218 22433.433
DEM 20444.464 544469.654122242.063
JPY 21740.199 63817.548 159276.579
TABLE16.TestsonCategoryPriceChangeTransitionArrays-199726 CORNELIS A. LOS, PH.D.
Digram Trigram Quadgram
Degree Of Freedom 8 26 80
Confidence Level(%) 99 99 99
Critical Value 20.09 45.64 112.33
Chi-Square* Currency
Digram Trigram Quadgram
HKD 815.04336 1839.048 3194.083
IDR 1090.854 2839.602 6286.163
MYR 1475.993 3478.930 6141.304
PHP 49.482 129.386 296.447
SGD 1470.245 3198.562 5517.440
THB 4293.919 16863.325 56464.217
TWD 176.166 507.088 1083.883
DEM 9744.277 26470.785 64282.558
JPY 9812.874 26640.379 56904.773
TABLE 17. Tests for Category Price Change Transition Arrays - Jan-Jun 1997
Digram Trigram Quadgram
Degree Of Freedom 8 26 80
Confidence Level(%) 99 99 99
Critical Value 20.09 45.64 112.33
Chi-Square* Currency
Digram Trigram Quadgram
HKD 1131.981 3741.681 11908.384
IDR 3173.167 12049.282 40510.877
MYR 3015.105 8453.448 18893.919
PHP 1882.002 6199.153 17521.221
SGD 1160.051 2909.095 5779.620
THB 1015.092 2314.694 4593.103
TWD 710.123 1917.331 4049.121
DEM 8306.650 23805.948 58249.435
JPY 11946.925 37761.903 107267.148
TABLE 18. Tests for Category Price Change Transition Arrays - Jul-Dec 1997
3.5. Markov Analysis of CPCT Arrays. Markov analysis was developed by
a Russian statistician Andrei A. Markov about a century ago.17 While in the
17The Russian mathematician Andrei Andreyevich Markov (1856 - 1922) studied sequences of
mutually dependent variables, hoping to establish the limiting laws of probability in their most
general form. Markov gave particular emphasis to Markov chains–sequences of random variables
in which the future variable is determined by the present variable, but is independent of the way in



















































































Order -0 Order-1 Order-2
Degree Of Freedom 4 12 36
Confidence Level(%) 99 99 99
Critical Value 13.28 26.22 58.57
Chi-Square* Currency
Order -0 Order-1 Order-2
HKD 1624.926 250.866 151.248
IDR 5979.245 1230.039 867.993
MYR 3519.383 844.982 537.299
PHP 1488.094 531.220 394.382
SGD 1596.543 365.369 233.540
THB 4247.558 1125.562 882.164
TWD 380.636 318.756 200.258
DEM 17408.700 1828.356 1027.835
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…ltered and predicted supra-pro…tably by an order-1 Kalman …lter [9]. In addition,
the price changes of HKD, MYR and SGD exhibit independence at order-3 Markov.
Order -0 Order-1 Order-2 Order-3
Degree Of Freedom 4 12 36 108
Confidence Level(%) 99 99 99 99
Critical Value 13.28 26.22 58.57 147.0
Chi-Square* Currency
Order -0 Order-1 Order-2 Order-3
HKD 608.407 103.122 63.072 135.006
IDR 788.216 181.738 119.664 169.626
MYR 1258.060 148.113 83.237 113.464
PHP 56.968 27.995 25.260 -
SGD 1150.765 218.219 77.776 117.338
THB 843.375 209.822 248.508 211.406
TWD 31.061 52.570 56.019 -
DEM 8335.133 780.843 452.423 524.952
JPY 6459.412 1246.094 352.667 516.139
* Shaded boxes represent non-significant results i.e., independence.
TABLE 20. Tests for Price Change Markov Processes - Jan-Jun 1997
This means that, on average, a price change in the PHP and TWD series at a
particular time was in‡uenced by the price change of the preceding period (i.e.,
in the preceding 2 minutes), while the price changes of the HKD, MYR and SGD
series were in‡uenced by the price changes in the preceding three periods (i.e., in
the preceding 4 minutes). The results suggest longer persistence in the cases of
IDR, THB and, surprisingly, DEM and JPY.
Table 21 shows that the price changes of the PHP and, perhaps surprisingly, of
the THB, show order-2 Markov behavior, while those of all other currencies show
order-3 or higher Markov behavior. In other words, most currencies showed even
longer persistence phenomena, when they were all headed in the same downward
trend versus the US dollar.30 CORNELISA.LOS,PH.D.
Order -0 Order-1 Order-2 Order-3
Degree Of Freedom 4 12 36 108
Confidence Level(%) 99 99 99 99
Critical Value 13.28 26.22 58.57 147.0
Chi-Square* Currency
Order -0 Order-1 Order-2 Order-3
HKD 482.500 164.925 117.583 158.538
IDR 2776.324 853.586 519.355 484.748
MYR 1681.673 703.124 440.876 348.294
PHP 833.923 123.830 111.935 133.624
SGD 673.768 220.765 130.431 192.635
THB 586.368 48.620 84.430 117.128
TWD 546.066 360.313 210.519 235.222
DEM 9012.290 1063.687 572.680 678.029
JPY 7443.499 1842.207 498.688 743.899
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Currency HKD IDR MYR PHP SGD THB TWD DEM JPY
Stationarity Test   
-- 1997: Visual Inspection b b h h h h b b h h h h h h b b b b
              Chi-Square b b h h h h b b h h h h b b b b b b
-- Jan to Jun 97:Visual Insp b b b b b b b b b b b b b b b b b b
                          Chi-Square b b b b b b b b b b b b b b b b b b
-- Jul to Dec 97: Visual Insp b b h h h h b b b b b b h h b b b b
                           Chi-Square b b b b h h b b b b b b b b b b b b
Differential Spectrum   
-- 1997 b b h h h h h h b b h h h h b b h h
-- Jan to Jun 97 h h b b b b h h b b h h b b b b h h
-- Jul to Dec 97 b b h h h h b b b b h h h h h h h h
Relative Price Change   
-- 1997: Digram h h h h h h h h h h h h h h h h h h
              Trigram h h h h h h h h h h h h h h h h h h
              Tetragram h h h h h h h h h h h h h h h h h h
-- Jan to Jun 97: Digram h h h h h h b b h h h h b b h h h h
                           Trigram h h h h h h -- h h h h -- h h h h
                           Tetragram h h h h h h -- h h h h -- h h h h
-- Jul to Dec 97: Digram h h h h h h h h h h h h h h h h h h
                           Trigram h h h h h h h h h h h h h h h h h h
                           Tetragram h h h h h h h h h h h h h h h h
Temporal Windows   
-- 1997: Lag-5 h h h h h h h h h h h h h h h h h h
              Lag-10 h h h h h h h h h h h h h h h h h h
              Lag-15 h h h h h h h h h h h h h h h h h h
              Lag-20 h h h h h h h h h h h h h h h h h h
-- Jan to Jun 97: Lag-5 h h h h h h h h h h h h h h h h h h
                           Lag-10 h h h h h h h h h h h h h h h h h h
                           Lag-15 h h h h h h h h h h h h h h h h h h
                           Lag-20 h h h h h h h h h h h h h h h h h h
-- Jul to Dec 97: Lag-5 h h h h h h h h h h h h h h h h h h
                           Lag-10 h h h h h h h h h h h h h h h h h h
                           Lag-15 h h h h h h h h h h h h h h h h h h
                           Lag-20 h h h h h h h h h h h h h h h h h h
Category Price Transition   
-- 1997: Digram h h h h h h h h h h h h h h h h h h
              Trigram h h h h h h h h h h h h h h h h h h
              Quadgram h h h h h h h h h h h h h h h h h h
-- Jan to Jun 97 : Digram h h h h h h h h h h h h h h h h h h
                            Trigram h h h h h h h h h h h h h h h h h h
                            Quadgram h h h h h h h h h h h h h h h h h h
-- Jul to Dec 97 : Digram h h h h h h h h h h h h h h h h h h
                            Trigram h h h h h h h h h h h h h h h h h h
                            Quadgram h h h h h h h h h h h h h h h h h h
Markov Analysis   
-- 1997: Order-0 h h h h h h h h h h h h h h h h h h
              Order-1 h h h h h h h h h h h h h h h h h h
              Order-2 h h h h h h h h h h h h h h h h h h
-- Jan to Jun 97: Order-0 h h h h h h h h h h h h h h h h h h
                           Order-1 h h h h h h h h h h h h h h h h h h
                           Order-2 h h h h h h b b h h h h b b h h h h
                           Order-3 b b h h b b -- b b h h -- h h h h
-- Jul to Dec 97: Order-0 h h h h h h h h h h h h h h h h h h
                           Order-1 h h h h h h h h h h h h h h h h h h
                           Order-2 h h h h h h h h h h h h h h h h h h
                           Order-3 h h h h h h b b h h b b h h h h h h
h h -- Significant Result (does not exhibit stationarity or serial independence)
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and not tick-by-tick data.19 Furthermore, the data consist of quotations, which
are updated with some time-lag and not of actually transaction prices. Thus more
research is required using actual tick-by-tick transaction prices, whenever these are
available.
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19Tick-by-tick data contains discontinuous behavior with gapping and the traditional forms of
analysis, like Markov processes, break down. For such data wavelet analysis appears to be more
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